HIV facilitates an increase in human papillomavirus (HPV)-associated conditions. HIV-positive men living in a substance use context in Los Angeles, USA, were recruited using respondent-driven sampling, completed a questionnaire and had biological samples including an anal HPV swab taken. A total of 316 evaluable men were enrolled in the study. The prevalence of any HPV, highrisk (HR) infection and multiple-type infection was highest for men who have sex with men (MSM) (93.9%, 64.6% and 29.7%, respectively). When any HPV and HR-HPV prevalence in all men was stratified by age, the youngest group had 100% and 68.2% prevalence, respectively, with similarly high rates maintained up to age 49 years. The individual's use of alcohol, marijuana, cocaine, methamphetamine or heroin was not significantly associated with anal HPV detection. In this marginalized population, high prevalence rates of anal HPV and HR-HPV occurring over a wide age range may increase the individual's risk for anal dysplasia and anal cancer.
INTRODUCTION
There is a large proportion of the adult population, which is human papillomavirus (HPV) exposed, infected and at risk of HPV-associated complications, and for whom the available prophylactic HPV vaccines has no proven efficacy. Men who have sex with men (MSM) have emerged as a societal group that is disproportionately affected by HPV disease. In particular, manifestations of HPV infection such as anogenital warts, anal dysplasia and anal cancer are seen in high and increasing numbers in this population. 1 -3 This group also has the highest prevalence and incidence of HIV infection in the USA with particularly high rates reported in young ethnic minority men. 4 Following infection, HPV is predominantly controlled by cellmediated immunity (CMI), and when this control is impaired, either by HIV or iatrogenic immunosuppression, the prevalence of HPV-associated conditions increases. 5, 6 In the context of HIV infection, both HPV isolation and detection of multiple HPV types increases with a reduction in CD4 T-lymphocyte count below 200 cells/mm 3 . 7 The effects of HPV burden, immunosuppression and the possible effect of HIV per se are reflected in the current incidence rates of anal squamous cell cancer, which in the general population approximates 2:100,000, yet in HIV-positive MSM is approximately 174:100,000. 8 The prevalence of HPV among HIV-positive men has been well documented, but risk and type of infection among those who live in a substance use context is not known. 9 While substance use is considered to be associated with an impairment in immune function, there is little compelling evidence for an effect on progression of HPV-associated dysplasia in the uterine cervix. 10 While the cervix is in many ways analogous to the anal canal, in HIV-positive women anal prevalence rates far exceed those in the cervix and a different mechanism of immune surveillance may be operating. In the specific context of methamphetamine (METH) use, there is evidence of impaired antigen processing that may lead to compromise of mucosal CMI and facilitate HPV infection and persistence. 11 This study investigated the prevalence and risk factors for anal HPV in HIV-positive men and will contribute to the understanding of the effect of substance use in this population.
MATERIALS AND METHODS
Participants were men who participated in one of the two waves of data collection (2005-07) at the Los Angeles site for National Institute on Drug Abuse's Sexual Acquisition and Transmission of HIV -Cooperative Agreement Program (SATH-CAP). The primary goal of the SATH-CAP study was to examine the role of drugs in the sexual diffusion of HIV from high-risk individuals (MSM and/or drug users) to the general population. The sample for each wave was recruited using Respondent Driven Sampling (RDS). 12 Briefly, for each of the two waves of data collection, an initial set of 'seeds' that were MSM or drug users were passively recruited via advertisements posted on walls and online. Each 'seed' was seen at the study site where he completed a questionnaire, provided biological samples, and was compensated for his time. Participants were provided with coupons and received compensation for others recruited to the study who were either an MSM and/or drug user or was their sexual partner. Participants had to be 18 years of age or older and: (1) MSM or men who have sex with men and women (MSMW) who reported engagement in any anal intercourse (AI) in the past six months and/or (2) a man or woman who used powder cocaine, crack cocaine, heroin or METH in the past six months; or recruited by one of the latter as a sexual partner or drug-using partner. In the parent study 285 women and 246 drug-using men who have sex with women (MSW) were recruited.
Participants completed Audio Computer-Assisted Self Interviews that collected detailed information on the following: (1) demographic characteristics; (2) drug use (powder cocaine, crack cocaine, METH or heroin); (3) sexual risk behavioursnumber of male and female sexual partners in the prior 30 days and the past six months, number of specific behaviours engaged in over the past six months while having sex with male and with female partners; (4) specific sexual and drug use behaviours with each of up to six sexual partners (in wave 1 the last three sexual partners and a main or female partner but in wave 2 the language was changed to allow for any three partners and a main or female partner), and characteristics and behaviours of each of those sexual partners. In addition, all individuals underwent an oral HIV rapid test with confirmatory blood test by Western blot for those testing positive as well as a quantitative HIV viral load at one time point only. Participants also provided urine specimens for detection of metabolites of recent powder cocaine, crack cocaine, METH or heroin use. Participants had specimens taken for sexually transmitted infections (STIs) including a urine specimen (Neisseria gonorrhoeae and Chlamydia trachomatis), rectal swab (N. gonorrhoeae) and venous blood draw for syphilis rapid plasma reagin (RPR). If the RPR was positive a confirmatory Treponema pallidum particle agglutination test was done and correlated with syphilis treatment history from the Los Angeles County Health Department records.
This HPV substudy involved a clinician-or self-taken internal anal swab as previously described. 13 The swab was tested for HPV DNA types using the polymerase chain reaction (PCR) as described below.
HPV PCR TESTING
AmpliTaq Gold (Applied Biosystems, Foster City, CA, USA) PCR was performed on purified HPV DNA using MY09/ MY11 consensus HPV L1 primers as well as primers for amplification of the human b-globin as an indicator of specimen adequacy as described previously. 9, 14 After 30 amplification cycles, specimens were probed with a biotin-labeled HPV L1 consensus probe mixture. A separate membrane was probed with a biotin-labeled probe to the human b-globin gene. Specimens were also typed by hybridizing to 29 different HPV types: 6, 11, 16, 18, 26, 31, 32, 33, 35, 39, 40, 45 , 51, 52, 53, 54, 55, 56, 58, 59, 61, 66, 68, 69, 70, 73, 82 variant, 83, 84, as well as the following 10 types together in a probe mixture: HPV 2, 13, 34, 42, 57, 62, 64, 67, 72 and 82. Specimens negative for b-globin gene amplification were excluded from analysis. 15 HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68 and 73 were considered to be high risk. Three separate analyses of HPV samples were conducted, each using a different HPV classification scheme: HPV versus no HPV, HR-HPV versus no HR-HPV and having multiple HR-HPV infections versus no multiple HR-HPV infections.
Chi-square tests were used to test independence between HPV status and demographic characteristics, self-reported and urineverified substance use, HIV viral load (VL) and HIV antiretroviral (ARV) resistance. Partnership level outcomes such as partner race, partner type, partner drug use and unprotected receptive AI (RAI) were assessed with one to three sexual partners within the past six months. Generalized linear random intercept models with age, race, history of homelessness, history of incarceration, reported METH use and gender of sexual partners as covariates were used to predict partnership level outcomes. Fitted values (including fixed effects and random effects) from the generalized linear random intercept models were then used along with demographic and substance abuse variables as covariates in multivariate logistic regressions predicting HPV status. Analyses were fit using SAS (version 9.1; SAS Institute, Cary, NC, USA). All scientific and research procedures were overseen by the UCLA Human Subjects Protection Committee and the RAND Institutional Review Board.
RESULTS
A total of 316 b-globin-positive HPV swabs were included in the analysis. Participant demographics are presented in Table 1 and show that the population was predominantly USA-born (71%), single (72%), unemployed (84%), black or Hispanic (75%), and MSM (67%). Over half of the participants had been incarcerated and reported a monthly income below $500.
Anal HPV prevalence was high in all groups, with 92.4% of all men having detectable infection. The percent prevalence of any HPV and HR-HPV infection, respectively, was MSM (93.9, 64.6%), MSMW (82.5, 60%) and MSW (80, 60%). The presence of multiple HPV infections in MSM and MSMW was similar at 29.7% and 27.5%, respectively, and 10.0% in MSW. The analysis of variance (ANOVA) analysis for any HPV prevalence by sexuality was 0.006 (see Table 2 ).
When any HPV and HR-HPV prevalence in all HIV-positive men was stratified by age the youngest group had 100% and 68.2% prevalence, respectively. These high rates were maintained in the 30 -39-year and 40-49-year age groups with any HPV and HR-HPV prevalence of 95.3%/67.1% and 92.5%/ 67.5%, respectively. Only in the older age range of !50 years did any HPV prevalence fall to 83.7% and HR-HPV to 46.9%. The ANOVA for isolation of any HPV by age was 0.04 (see Table 2 ).
The presence of a detectable HIV VL was associated with the presence of any anal HPV although this did not reach statistical significance (P ¼ 0.09) (see Table 2 ). No CD4 lymphocyte counts were collected as part of this study.
The self-reported use of alcohol, marijuana, cocaine or heroin was not significant for the detection of anal HPV. However, although individuals who had ever injected METH, injected METH in the last 30 days, or provided a urine sample positive for metabolites of METH had no significant increase in anal HPV detection, still individuals who verified METH use in the last 30 days did have a significantly increased risk of anal HPV infection (P ¼ 0.03) (see Table 3 ).
The presence of either internal or external anal symptoms or the presence of bleeding was not associated with anal HPV detection.
The multivariate analyses controlled for age, race, income, country of birth, marital status and reported current METH use and found that having a sexual partner who injected drugs was associated with having HR-HPV (adjusted odds ratio [AOR] 1.54, 95% confidence interval [CI] 1.02, 2.33) and having infection with multiple strains of HR-HPV (AOR 1.64, 95% CI 1.09, 2.48). Being currently married was also associated with having multiple HR-HPV (AOR 2.05, 95% CI 1.08, 3.89) (see Figure 1 ).
DISCUSSION
As RAI is a risk factor for anal HPV it is expected that individuals who affirm this behaviour frequently have quantifiable anal HPV. Findings show a sequential increase in the frequency of HPV isolation from MSW, MSMW to MSM that likely reflects concomitant increasing frequency of RAI. Still the HPV prevalence observed in the MSW is much higher than previously identified, which may be explained by either underreporting of RAI or the presence of other risk factors not measured in this study such as cigarette smoking. Anal HPV prevalence rates for HIV-positive MSM are similar to those previously reported. 9 Similar to the trend seen for cervical infection in women, there is increased HPV isolation observed for younger compared with older age groups of men in this study. However, by contrast, the prevalence of cervical HPV in younger Western women approximates 20%, whereas anal HPV prevalence in this sample was 100% in men aged below 30 years and only dropped to 83.7% for men aged over 50 years. 16 Anal HR-HPV prevalence approximated 65% in all age strata below 50 years and should these rates persist over time, as is suggested by the EXPLORE HPV substudy, these individuals may be at high risk of HPV-associated anal dysplasia and cancer. 1 We found that having a sexual partner who injected drugs was associated with having HR-HPV and infection with multiple strains of HR-HPV after controlling for other factors including the METH use of the individual. Given that the only other variable associated with HPV infection with multiple types was being married or co-habiting, it is likely that sexual exposure is frequent and occurs over a long period of time, with some partners suggesting the possibility of repeated infection within the partnership. Moreover, it suggests the behaviour of the partner seems to create more risk for the individual than their own behaviour, similar to our other research that has shown that partners' behaviour is associated with risk of cervical HR-HPV in women. 17 Among MSM, METH use corresponds with increased risks for HIV infection, 18 an effect that may be related to METH-facilitated episodes of anorectal sexual intercourse that are more frequent, longer and rougher than when not under the influence. In contrast to expectation, there were no multivariate differences in the prevalence of any type of HPV observed with reported or biological markers of METH or other substance use. The univariate finding that report of recent METH use correlated with higher prevalence of anal HPV detection suggests that there may be a weak association, but it loses significance when controlling for other covariates. There were no data collected on rectal administration of drugs, which could feasibly be associated with local mucosal immune impairment that could facilitate HPV transmission or expression of established infection.
Resistance to current ARV drugs is associated with loss of control of HIV replication and disease progression leading to increased clinical events and a reduced prognosis when compared with individuals with undetectable plasma HIV VL. 19 The rates of ARV resistance in this study population are extremely high for all ARV drug classes. This likely reflects poor ARV adherence previously reported in METH/substance-using individuals and may represent advanced HIV infection with immune compromise in this population. 20 A failure in local immunological surveillance with unchecked HPV replication may be responsible for the high rates of prevalent infection seen in participants without a sexual exposure in the last six months (see Table 1 ).
Although benefiting from a non-clinic-based sample, this study has clear limitations that relate to the generalization of findings based on the population that was predominantly urban poor, minority and marginalized. The very small sample of MSW (n ¼ 10) greatly limits the ability to understand correlations in that group. Overall, the RDS method may have produced homogeneous samples that lack the variability needed to detect associations between demographics, drug use and anal HPV.
SUMMARY
Substance-using men are at increased risk of a number of medical conditions. In this population of HIV-positive men we see very high rates of anal HPV, HR-HPV and multiple types of HR-HPV in all age ranges up to 50 years. This may place substance-using men at increased risk of HPV-associated diseases such as anal dysplasia and anal cancer that may be explored in future longitudinal studies addressing these parameters.
